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Normal Serum Protein Levels in Syrian (Golden) Hamsters:
Compared with the Protein Levels in SV 40 Tumor Bearing
and SV 40 Immune Hamsters
by
Hajime Hayashi, Ph.D., Nansie Sharpless, M.S.
and Gerald A. LoGrippo, M.D.'^'*

A study of 149 hamsters indicates that there are periods
is immune to tumor induction by a known virus. By
protein levels, standards were established for the adult
forming period. The data emphasize the importance of
of the host for virus induction of ttimors.

in life when the animal
studying normal serum
age and for the tumor
the immunologic status

INTRODUCTION
The role of virus in the induction of malignancies in man continues to be a
debatable subject. However, there is ample evidence of induced malignancies in
animals by such viruses as the Rous sarcoma virus, polyoma virus, simian virus (SV 40)
and certain type of adenovirus. Much basic data concerning the role of SV 40 in
tumor induction has been published and excellent reviews on the subject are available
(1,2,3,4). These pertinent studies have established: (a) that only certain viruses such
as SV 40 and certain type of adenovirus (viz: type -3, -7, -12, -18), are capable
of inducing malignancies: (b) that only certain animals are susceptible to specific
virus strains, i.e., newborn hamsters; and (c) that the age of the animal provides an
all important factor which is essential to the primary induction of the tumor (the
older the animal the lower the rate of tumor induction^''). The immunologic status
of the host permits only certain viruses to transform normal host cells to malignant
forms. This third condition appears to be a major factor in the problem of malignant
transformation. The immunologic status of the host, ("immunologic unresponsiveness"
*Presented in part before the American Society of Immunologist, April, 1967 (7).
**Department of Pathology, Henry Ford Hospital.
149

HAYASHI,

SHARPLESS

AND

LoGRIPPO

or "immunologic competence") is important in the induction or rejection of malignancy
resulting from the concurrent presence of a specific virus and of a specific strain. The
results of this chain of events are emphasized in this paper.
The primary purpose of this study concerns establishment of standard serum
protein levels in Syrian (Golden) hamsters from day of birth to maturity and during
the tumor bearing age. These data, not found in the literature, are essential in evaluating
the serum protein variations found in the virus induced tumor bearing hamsters and
the virus immune (tumor free) hamsters.
Materials and Methods
Virus: Simian virus 40 (SV 40) strain (A 426-RN-2) obtained from Dr. B. E. Eddy,
National Insututes of Health, was propagated serially on African Green monkey
kidney cells by primary and continuous cell lines (BS-C-1). The SV 40 tumor-inducing
dosage and hamster immunization dosages used were at least lO'TCIDso (50% tissue
culture infectious doses) per milliliter.
Animals: Pregnant Syrian (Golden) hamsters were received one week prior to the
date of birth from the Evert Angle Farms, Terre Haute, Ind.
Anti-hamster serum and .serum components: Antisera to hamster whole-serum was
prepared in rabbits and goats while monoimmune anti-gamma- globulin was prepared
in rabbits. These were purchased from Hyland Laboratories, Los Angeles, Calif, and
Microbiological Associates, Bethesda, Md.
Hamster sera: Sera were harvested from three groups of Syrian (Golden) hamsters.
(1) Group I (healthy normal hamsters):
(a) 86 hamsters ranging from one to 60 days of age were used to establish the
standard values of serum proteins for newborns and adults. In the one- and four-day-old
hamsters, the blood from six or more litter mates had to be pooled in order to obtain
sufficient serum for analysis. All other values are averaged from six or more individual
determinations of the sera for the respective age groups.
(b) 25 aduh hamsters ranging from six to 12 months of age were studied simultaneously with hamsters of the tumor bearing age (Group I I ) to establish normal
adult standards in a comparative age group.
(2) Group I I (SV 40 tumor bearing hamsters): 39 hamsters given a single injection
of live SV 40 (0.2 ml of IO'>TCIDso/ml) on the day of birth. These hamsters were bled
only when large tumors became apparent between six to 12 months of age.
(3) Group I I I (SV 40 immune hamsters (non-tumor bearing)): 24 hamsters receiving
a single injection of live SV 40 on the day of birth and 13 consecutive injections of
the same live SV 40 in .similar do.ses beginning one month after birth and followed
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by two weekly doses for six weeks (Method of Eddy) ( 5 ) . None of these hamsters
showed any tumors at the end of 12 months.
All hamsters were exsanguinated by cardiac puncture after being anesthetized
with 0.15 cc of sodium pentobarbitol by intraperitoneal injection. Sera showing hemolysis
were excluded from the study. The data presented include only the number of hamsters
studied.
Total proteins and protein distribution: Total proteins were determined by the biuret
procedure, and the protein distribution of serum was estimated by electrophoresis
on cellulose acetate.
Immunoelectrophoresis was performed by standard method in agar-gel slides. The
serum specimen being analyzed was placed in an agar well and then separated by
electrophoresis. Antiserum from a central trough was then allowed to diffuse laterally
in the agar in order to precipitate the specific serum components (Fig. 1). This method
of analysis is subjective for the specific serum components and the results are expressed
in terms of: (a) "apparently normal amounts," (b) "decreased or increased amounts"
and (c) "apparently not present."
Immunoglobulin-G (IgG) determination: The monoimmune "anti-hamster gammaglobuhn" in rabbits (Hyland Laboratories) was used as anti-IgG sera. It produced only
a single precipitation band against hamster whole .serum by the immuno-electrophoresis
method and by the quantitative micro-double diffusion method developed, standardized
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Figure 1

Hamster IgG (purified) is placed in the upper well and hamster whole serum in the lower well.
These undergo electrophoresis before anti-hamster IgG (placed in the trough) is allowed to diffuse
laterally and form the respective precipitation bands.
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and reported from this laboratory ( 6 ) . Briefly, the micro-double diffusion method is an
agar-slide procedure employing the Ouchterlony principle. A plastic template is used
instead of cutting holes in agar. As shown in Fig. 2, antihamster IgG serum is placed
in the central well and two-fold dilutions of the serum being tested are placed
in each of the peripheral wells, in clockwise rotation. A similar set of slides is prepared
using reference serum for which IgG values are known. The concentration of IgG in
unknown serum is determined by comparing the distance of the unknown and reference
sera precipitation lines from the central well. The values are expressed in milligrams
percent. Each determination for IgG value is made from the average of eight measurements, four from each of two slides.
Results
Establishment of serum protein values for newborn and adult hamsters.
Since variations in the electrophoretic patterns were observed in hamsters of
different ages, a systematic study in normal hamsters became necessary for a basis of
evaluation. The age groups from birth to age of maturity and six to 12 months (the
period during which the tumors became evident) were more intensely studied. The
protein distribution (Table I ) , as obtained by electrophoresis in newborn and adult
hamsters, was first studied from day-one to day-60. In one- and four-day-old hamsters,
the respective pools gave extremely low serum levels for the protein values. The total
proteins gradually increased with age and reached the normal adult values in 30 to 45
days. The same progressive increases were seen for albumin, gamma-globulin and
total globulins during the respective age ranges.
TABLE I
SERUM ELECTROPHORESIS* IN 86 NORMAL HAMSTERS
(Comparison of Newborn and Adult Values)
Protein Distributions (g/100 ml)*Age
(Days)
Total Protein

Albumin

Gamma
Globulin

Total
Globulins

1

2.1

0.58

0.05

1.52

4

3.2

1.72

4.6
5.6

2.69

0.09
0.11

1.48

17

3.93

0.14

1.91
1.67

5.7
6.9

3.65
4.71

0.23
0.33

2.05
2.19

6.8

4.77

0.24

2.03

23
30
45
60

Cellulose Acetate method.
Average values calculated in 6 or more individual determinations. However, in 1 and 4 day old determinations 2
pools in,each age group (6-12 hamsters per pool) were made
due to size of hamsters.
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Figure 2
Micro-double diffusion method. Precipitation pattern obtained when anti-hamster IgG serum is
placed in the central well and two-fold dilutions of hamster serum are placed in the peripheral wells.
Quantitation is made by the actual distance measurements indicated by the arrows (6).
Establishment of serum protein standard values for adult hamsters.
A.

Electrophoretic

analysis of serum protein

distribution.

It became necessary to establish normal standard serum protein values in six- to
12-month-old hamsters in order to evaluate the serum proteins found at the tumor
bearing age. Serum protein values found in 25 normal hamsters (ages ranging from
six to 12 months) are given in Table I I . The means and standard deviations found for
total proteins, albumin, alpha-1, alpha-2. beta, pre-gamma, gammaglobulin, total
globulins and albumin-globulin ratio (or A / G ratio) are given. Two standard deviations
from the mean were calculated for each electrophoretic zone as the normal range of
variation. These standard values were necessary to compare the deviations in serum
153
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TABLE II

SERUM ELECTROPHORESIS* IN 25 NORMAL ADULT HAMSTERS
(6-12 months old)
Electrophoretic
Zones

Serum Protein Distribution (g/100 ml)
Range (Mean + 2 S. D.)

(Total Protein)
Albumin
Alpha-1
Alpha-2
Beta
Pre-gamma**
Gamma
Total globulins
A/G ratio

5.06- 7.14
2.80 - 4.52
0.39 - 0.91
0.08 - 0. 68
0.12 - 0.68
0.36 - 0.92
0.11 - 0.67
0.52 - 4.36
0.68 - 2.32

Cellulose acetate method.
The extra peal< between the beta and gamma zones warrants
investigation as to the immunoglobulin component in this
region.

TABLE III
COMPARISON OF IMMUNOGLOBULIN-G VALUES BY
ELECTROPHORESIS AND MICRO-DOUBLE DIFFUSION
(Method of
Analysis)
Globulins

Serum Globulin Levels (mg/100 ml)
Mean*
S.D.
Range (Mean + 2 S.D.)

(Electrophoresis)
Pre-gamma
Gamma

640
390

140
140

360 • 920
110 • 670

Pre-gamma v

1018

214

590 -• 1446

1060

199

662 - 1458

Gamma
(Micro-double
Diffusion)
IgG

/

* Mean of 25 serum determinations.
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proteins in the SV 40 tumor bearing hamsters (Group I I ) and the SV 40 immune
hamsters (Group I I I non-tumor bearing animals).
A peak of questionable significance is consistently seen in electrophoretic patterns
of hamster serum (Fig. 3) and it appears between t h i beta and gamma zones. It is
obviously not the application point. Although this peak can be called either a "postbeta" or a "pre-gamma" region, we have termed it "pre-gamma" for the following
reasons: (a) the value of the pre-gamma region in electrophoresis is larger than the
definite gamma region (Table I I ) ; (b) the sum of the values for pre-gamma and gamma
regions approximates the IgG value as determined by the micro-double-diffusion assay

Figure 3
Hamster serum electrophoresis pattern from cellulose acetate strip. The pre-gamma peak between
the gamma and beta regions is consistently seen which raises the question as to its composition.
The small peak with the question mark is not a consistent finding and also warrants investigation.
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(Table I I I ) : and (c) the Immunoelectrophoresis precipitation band (Fig. 1) gives a
single precipitation band equivalent to both of the pre-gamma and gamma regions seen
in the electrophoresis patterns. Fig. 1 also gives a single precipitation band for both
purified IgG and hamster whole serum.
The small peak (shown with a question mark in Fig. 2) is not a consistent finding
in normal hamster serum. The peak appears between alpha-2 and beta regions and
also warrants further investigation.
B.

Immuno-chemical

analysis of

immunoglobulin-G.

The mean serum levels for IgG in 25 normal hamsters were found to be 1060
±199 mg/100 ml of serum (Table I I ) as determined by the micro-double diffusion
technic. Two standard deviations from the mean were found to be 662 mg to 1458
mg/100 ml of serum (Table I I I ) . Table I I I also compares the mean values for the
pre-gamma and gamma regions which were determined by electrophoresis. In the 25
normal hamsters, the pre-gamma mean value (640 ± 1 4 0 mg/100 ml of serum) is
almost 64% greater than the gamma mean value (390 ± 1 4 0 mg/100 ml of serum).
The sum of these two regions (1030 mg/100 ml of serum) approximates the mean
value found for IgG (1060 ± 1 9 9 mg/100 ml of serum) determined by micro-double
diffusion technic. This range was used to evaluate any deviations from normal in the
SV 40 tumor bearing and SV 40 immune (non-tumor bearing) hamsters.
Comparison of serum proteins in the SV 40 tumor bearing and the SV 40
immune (non-tumor) hamsters.
The electrophoresis data in Table I V gives the comparative serum protein values
found in the SV 40 tumor bearing and SV 40 immune (non-tumor bearing) hamsters.
The numerals under the arrows indicate the number of hamsters with values for the
respective proteins above or below two Standard Deviations from the normal mean.
The values for total proteins in the tumor bearing group were outside the normal range
in 10 hamsters (six below and four above the normal values): whereas only three
hamsters in the immune group showed elevated values. In the albumin determinations,
16 of 39 tumor bearing hamsters had albumin values below the normal range; whereas
only five immune hamsters (one below and four above) had values beyond the normal
range. The low albumin values in the 16 hamsters in the tumor bearing group reflect
their poor nutritional status which was not seen in the immune group. In the protein
distributions in alpha-1, alpha-2, beta, pre-gamma and gamma zones, only alpha-1 and
pre-gamma regions in the tumor bearing group appear significant. The values shown
in the pre-gamma and gamma zones should be emphasized since the immunoglobulins
are within these zones. Serum electrophoresis does not bring out the actual values of
these components. Total globidins do not appear to be affected. One hamster in each
group had higher than normal values. The over-all values for the A / G ratio are not
impressive.
The data in Table V are the immunoglobulin-G values found in 39 SV 40 tumor
bearing and 24 SV 40 immune (non-tumor bearing) groups determined by the micro156
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TABLE IV
COMPARISON OF SERUM PROTEIN VARIATIONS* IN SV 40 TUMOR
BEARING AND SV 40 IMMUNE (NON-TUMOR BEARING) HAMSTERS
Number of Hamsters Deviating from Normal
Electrophoretic
Zones

(Total Proteins)
Albumin
Alpha-1
Alpha-2
Beta
Pre-Gamma
Gamma
Total Globulins
A/G Ratio

39 Tumor Bearing
(Not Immunized)
4
0
10
2
2
2
0
1
1

6
16
2
0
0
7
0
0
3

24 Non-Tumor Bearing
(Immunized)

\

t

0
1
0
0
0
0
0
0
1

3
4
3
1
2
1
0
1
2

Arrows indicate: Serum Protein Variations below ( + ) or
above (t) the normal range, (Mean + 2 S. D.; see Table II).

TABLE V
COMPARISON OF IMMUNOGLOBULIN-G VARIATIONS* IN SV 40 TUMOR
BEARING AND SV 40 IMMUNE (NON-TUMOR BEARING) HAMSTERS

Gamma Globulins
(Determination)

Number of Hamsters Deviating from Normal
39 Tumor Bearing
(Not Immunized)

24 Non-Tumor Bearing
(Immunized)

\
IgG
(Micro-double
Diffusion)
Pre-Gamma
Gamma
(Electrophoresis)

t

5

6

4

4

7
0

2
0

0
0

1
0

Arrows indicate: Immunoglobulin-G Variations below (I) or above
(t) normal range. (Mean +2 S.D.; see Table III)
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double diffusion in agar technique. These are compared with the values in the gamma
zones (pre-gamma and gamma) obtained by electrophoresis. In the tumor bearing group,
I I hamsters (five below and six above the normal as indicated by arrows) showed
immunoglobulin-G values that were beyond two standard deviations from the mean
of the normal healthy hamster: whereas, by electrophoresis, nine hamsters (seven below
and two above) deviated from the normal range. In the non-tumor bearing (immune)
group, eight of 24 hamsters (four below and four above) had values beyond the normal
range whereas in the electrophoretic study, one hamster showed elevated values.
In comparing the serum protein values found in normal hamsters with those found
among the tumor bearing and non-tumor (immune) bearing hamsters, the total number
of hamsters deviating from the normal standards are: (a) one of 25 normal hamsters
( 4 % ) ; (b) 32 of 39 tumor bearing hamsters (82%); and (c) 14 of 24 immune
hamsters (58%). Tumor bearing hamsters showed varying degrees and percentages of
serum protein values deviating from standard values. The non-tumor bearing (immunized) animals showed a lesser degree of variation, more within the limits of the
normal range.
Discussion
Each of the three methods employed (electrophoresis, immuno-electrophoresis and
immuno-precipitation for IgG) has its merits and limitations in attempting to demonstrate serum protein changes in SV 40 tumor bearing and SV 40 immune hamster
groups. Electrophoresis reflects the general protein and nutritional status of the hamster
but shows no reliable data in beta and gamma zones specific for the major immunoglobulins (IgA, IgM and IgG). Immuno-electrophoresis demonstrates numerous serum
components which could be relatively evaluated on a subjective basis (relative "increases"
or "decreases") but not on a quantitative basis. This is particularly evident in an
attempt to evaluate the major immunoglobulins. Immuno-precipitation (micro-doublediffusion) analysis with monoimmune antisera for each of the major immunoglobulins
has the advantage of quantitating the specific immunoglobulins on a milligram basis,
as demonstrated with IgG-values.
The consistent peak seen in serum electrophoresis between the beta and gamma
zones warranted explanation because it is not seen in human sera and is in the immunoglobulin regions. By immuno-electrophoresis it appears to be an IgG component. The
IgG values found by immuno-precipitation analysis, equal to the sum of the gamma-G
and the pre-gamma peak seen in cellulose acetate electrophoresis, suggests that these
are antigenically similar proteins.
All three procedures demonstrate that serum protein values reach adult levels in
30 to 45 days. The immunoglobulin-G level also reaches adult levels at this time of
maturity. Since the immunization schedule in this report began at this period of life
these hamsters (Group I I I ) were immune and produced no tumors, ahhough they
continued to receive multiple injections of live SV 40. In contrast, 76% of the tumor
bearing hamsters (Group I I ) , which received only a single injection of live SV 40 at a
158

HAMSTER

SERUM

PROTEIN

LEVELS

period of life when they were immunologically immature, developed fibrosarcomas.
It appears that in tumor induction, the immunologic status of the host is as important
as the presence of a tumor inducing agent.
Summary
1. Normal serum protein levels in Syrian (golden) hamsters were studied by three
methods; namely, electrophoresis, immuno-electrophoresis and immuno-precipitation
analysis.
2. Standard serum levels by electrophoresis were established for the hamster from
birth to adult age and for the tumor forming age (6-12 months).
3. Serum immunoglobulin-G levels were also established for the normal hamster during
the tumor forming period (6-12 months) by the immuno-precipitation technic
(micro-double-diffusion).
4. The standard values established were used to evaluate serum protein variations in
39 SV 40 tumor bearing and 24 SV 40 immune (non-tumor bearing) hamsters.
5. The importance of the immunologic status of the host in relation to virus induced
malignancies is discussed.
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